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S_y The Greek diet is characterized by a high total fat but low saturated fat intake. In a hospital-based
cae-control study of femal breast cancer conducted in Athens (1989-91), 820 patients with confirmed
cancer of the breast we compared with 795 orthopaedic patient controls and 753 hospital vistor controls,
matched to the cass by age and intrvewer. Diet was asertained through a seniquantitative food frequency
questonnaire; macronutrient intakes wre eImated from the nutrient content of a se lted typical portion size
for each secified food item, summed for al items. Logistic was used to analyse the data,
controlling for demographic and reprodute risk factors for breast caner as well as for total energy intake
and mutual confounding influe among nutnients. There was no significant or suggestive association oftotal
protein, total fat, categoris of fat or total carbohydrates with breast cancer risk. Thus, the mutually adjusted
relative risk per qmntile and (in parenthesis) 95% confiden interval wre: for protein, 1.06 (0.94-1.20);
saturated fat, 0.99 (0.89-1.11); monounsaturated fat, 0.97 (0.88-1.07), polyunsaturated fat, 1.05 (0.97-1.13);
and total carbohydrates, 1.03 (0.94-1.12). In alternative analyical a es only total protein a to
be positivy td to the occurrmee ofbreast cancer with some consstency, but the results were far from
statistically significant. These findings do not support a role for fat or other energy-generating nutients in the
aetioogy of breast cancer.
The epidemiology of breast cancer has been studied more
than that of any other disease, and several risk factors have
been established (Kelsey, 1993). However, a substantial part
of the variation of breast cancer occurrence between and
within population groups cannot be explained in terms ofthe
identified factors (Seidman et al., 1982; Hsieh et al., 1990).
There seems to be little doubt that nutrition plays a central
role in the aetiology of this disease, but investigators are
divided as to the life stage during which nutritional factors
exert their effect. Several scntists believe that qualitative
aspects of diet dunng adult life may be critical determinants
of breast cancer risk (Howe et al., 1990, Prentice & Shep-
pard, 1990), whereas others are of the opinion that the risk
for breast cancer is affected by nutrition mainly before or
during adoleence (Cole & MacMahon, 1969; Micozzi, 1985;
de Waard & Trichopoulos, 1988; Albanes & Winick, 1988;
Willett, 1989). The role of adult diet, and in particular fat
intake, in the natural history of breast cancer has become the
focus of intense debate (Sun, 1988; Michels & Wlkett, 1991).
The collective evidence from case-control tudies (La Vec-
chia et al., 1987; Toniolo et al., 1989; Ewertz & Gill, 1990;
Howe et al., 1990; Boyd et al., 1993) suggests that fat intake
in adult life may increase the risk for breast cancer, whereas
with few exceptions (Knekt et al., 1990; Howe et al., 1991)
cohort studies indicate no association betnwn dietary fat in
adult life and incidence of breast cancer (Hunter & Willett,
1993). Ecological data (Armstrong & Doll, 1975; Prentice et
al., 1988; Prentice & Sheppard, 1990) also support a relation-
ship between dietary fat and breast cancer, but are less
powerful than data from retrospective and prospeve
studis in demonstrating causality. We have examined the
association of dietary fat and other macronutrients with
breast cancer in Athens through a large case-control study
that utilized two independent control series. Average total fat
intake is high in Greece, accounting for 42% of total
calories, and the variability of fat intake is also considerable
(Trichopoulou et al., 1993).
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During a 3 year period from January 1989 to December
1991, all newly diagnosed women with breast cancer who
were residents of the Greater Athens area (population about
3.5 million) WEr identified in four major hospitals, represen-
tating about 50% of breast cancer cases occurring in this
area. The hospitals included in the study were: Athens
Medical Center, Elena's Hospital for Women and Agios
Savas Cancer Hospital in Athens and Metaxa Cancer Hos-
pital in Piraeus. Eight hundred and seventy-three his-
tologically confirmed cases were identified. It was not possi-
ble to interview 53 patients (6%), and 820 were eventually
included in the study. Each cas was interviewed in the
hospital before the first discharge, by specially trained inter-
viewes. The interview lasted 45-65 min and was based on a
strutured questionnaire.
For each case, two controls were to be selected: one from
among hospital visitors (excluding first-degree relatives and
women who have had breast cancer) in the same hospital; the
other, an orthopaedic patient in the major accident hospital
of Athens (for breast cancer cases who were residents of
Athens and surroundings) or Piraeus (for cases who were
idents of Piraeus and surroundings). Each control had to
be ± 5 years of age with respect to the index case, and all
controls were resdents of the same area. Eight hundred and
thirty eligible hospital controls and 808 eligible visitor cont-
rols were identified. We were not able to interview 35 (4%)
hospital controls and 55 (7%) visitor controls. Among the
hospital controls, 342 (43%) had fractures, 223 (28%) had
arthroplasty and the remaining 230 (29%) had other
orthopaedic conditions. In none of these middle-aged or
okler women with fractures was alcohol intake reported as a
contributing factor in the occurrence of the incident that had
caused the fracture. All controls were interviewed in the
hospital using the same questionnaire as for the cases. Every
case-control triplet was interviewed by the same interviewer.
The questionnaire covered demographic, socioeconomic,
reproductive and biomedical variables as well as including a
semiquantitative food frequency section. Specifically, all sub-
jects were asked to indicate the average frequency of con-
sumption, over a period of 1 year before onset of the present
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disease (or before the interview for visitor controls), of 115
food items or beverage categories per month, per week or per
day. For analysis, the frequency of consumption of different
food items was quantfied approximately in terms of the
number of times per month the food was consumed, as done
by Graham et al. (1978) and Katsouyanni et al. (1991a).
Thus daily consumption was multiplied by 30 and weekly
consumption by 4, while a value of 0 was assigned to food
items rarely or never consumed.
Nutrient intakes for individuals were estimated by multip-
lying the nutrient contents of a seected typical portion, for
each speified food item, by the frequency that the food item
was eaten per month and adding these estimates for all food
items. Food consumption data were based on a nutrient
database developed in Greece by the Deartment of Nutri-
tion and Biochemistry, Athens School of Public Health
(Trichopoulou, 1992). The portion size esmation was based
on the results from previous validation studies (Katsouyanni
et al., 1991b; Gnardellis et al., 1994), and the nutrient content
was cculated on the basis of Greek recipes (Trichopoulou,
1992). The macronutrient intakes used were: protein (g), total
fat (g), saturated, monounsaturated and polyunsaturated fat
(g) and carbohydrates (g), as well as total energy (kcal). In
order to investigate the relation of the estimated nutrient
intakes to breast cancer risk, a preliminary analysis was
undertaken based on the comparison of the frequency dist-
ribution of cases and controls by marginal quintiles of indi-
vidual nutritional factors. No differences have been found
among methods for quantile cl tion of exposure levels
in case-control studies; thus, use of the marginal frequencies
was based on practcal advantages (Hsieh et al., 1991). Since
most nutrients are positively correlated with total energy
(Willett & Stampfer, 1986), calorie adjustment was utilized.
Nutrient intakes were alternately or simultaneously used as
independent variables.
Controls were paired to cases in order to control for
patient origin and interviewer identity. However, only 680
complete triplets were available, and for these conditional
and unconditional logistic regresson (controlling for the mat-
ching factors) generated identical results. Therefore all cases
and controls were utilised, and the data were modelled
through unconditional logistic regression using the SPSS
(1980) statistical package. Comparison of breast cancer cases
with either control series generated similar results, as will be
seen in the Results section. Thus, for most analyses, the two
control series were combined in order to increase the
precision ofthe effect estimates. Furthermore, cross-tabulated
analysis by hospital did not reveal any systematic or striking
differeces.
Since demographic and reproductive risk factors for breast
cancer are well established, a core model was used that
ikluded: age (years), place of birth (urban, rural), Quetelet
index (kgm-), parity (parous, nulliparous), age at first preg-
nancy (years; among parous women), age at menarche (years)
and menopausal status (post-menopausaL premenopausal).
Exogenous oestrogens are rarely used in Gre, and there
was no reason to control for use of oral contraptives and
menopausal oestrogens (among cases, 40 had ever used oral
contraceptives and 57 menopausal oestrogens; among all con-
trols, the correspoming numbers were 66 and 98).
Res
Table I shows the distribution of cases and controls by age,
place ofbirth, Quetelet index, parity, age at first birth, age at
menarche and menopausal status, i.e. the variables that were
included in the core model. Table H shows results from the
multiple logistic regression model that included these
variables. The results are compatible with the established risk
profile of breast cancer.
Table m shows the distribution of cases and controls by
marginal quintiles of total energy intake and energy-
generating macronutnents as well as age-adjusted X values
for linear trend. It appears that cases have a tendency to
Tabe I Distribution of 820 cases of breast cancer and 1,548
controlsa by age, pace of birth, Qutelet index, paty, age at first
birth, age at menarche and menopausal status
Cases Controls
Age (years) 56.4 (0.43)b 54.4 (0.32)
Place of birth
Urban 620 (75.7) 1106 (71.6)
Rural 199 (24.3) 439 (28.4)
Quetelet index (kgm-') 26.6 (1.02) 25.9 (0.75)
Ever pregnant
Yes 657 (80.2) 1164 (75.2)
No 162 (19.8) 384 (24.8)
Age at first birth (years) 26.4 (0.21) 25.9 (0.16)
Age at nmnarche (years) 12.9 (0.06) 13.1 (0.04)
Menopausal status
Post-menopausal 550 (67.1) 1041 (67.3)
pimnopausal 270 (32.9) 505 (32.7)
'No-additivty is accounted for by a few missing values.
bIn parenthesis: for quantitative variabks, standard errors; for
qualitative vanabks, percntages.
Table H Multiple logistic regression-derived, mutually adjusted
relative risks for breast cancer, according to sele demographic
and reproductive variables
Relative P-value
Variable Groups or units risk (two tailed)
Age 1 year 1.03 < 10-3
Birti place Rural vs urban 0.84 0.10
Quetelet index I kgm-2 0.99 0.78
Ever pregnant Yes vs no 0.79 0.38
Age at first birth 1 year 1.02 0.07
Age at menarche I year 0.94 0.03
Menopausal status Post vs pre 0.56 <10-3
over-report, which is accounted for in subsequent nutritional
analyses by controlling for energy intake. There seems to be
little evidence that any macronutrient is speifically and dis-
proportionately associated with breast cancer risk. However,
these data are inherently confounded and therefore not
directly interpretable.
Table IV shows the nutrient-specific associations with
breast cancer risk controlling for energy intake and the
variabks in the core model (Table I), but without mutual
adjustment. The regression coefficients refer to a one quintile
increase in the relevant nutrient. There is no evidence for a
substantial or signiiant association of any macronutrient
with breast ancer risk. The corresponding associations after
controlingfor mutual confounding among macronutrients as
well as for the core vanabks are shown in Table V. Total
fats are not included to avoid collinearity problems. Again,
no energy-generatng nutrient appears to be associated with
breast cancer risk.
In Table VI adjustment for energy intake is done with the
Willett-Stampfer (Willett & Stampfer, 1986) method, which
uses nutrient residuals from the energy-predicted estimates
for the corresponding nutrients. Furthermore, in Table VI,
breast cancer cases are compared with each control series as
well as with both control series combined. The purpose of
this table is to explore whether alternative analytical app-
roaches might generate different impressions. There is no
such evidence. The results confirm that there are no
significant or substantial associations between any of the
macronutrient groups and breast cancer risk. Only protein
appears to be positively associated with the risk for breast
cancer in both Tables V and VI, but the results are not
statistically significant. Modelling these data without mutual
adjustment among macronutrients led to essentially the same
conclusions. In addition, separate use of hospital controls
with fractures and hospital controls with arthroplasty or
other conditions did not generate inconsistent results.MACRONUTRIENTS AND BREAST CANCER 5M
Tae m Distribution of 820 ca and 1,548 contros by
maconutint mtake
quintiles of total cnergy and major
Qinrike X, liar
1 2 3 4 5 Total trerd P-vale
Total energy Cases 148 166 166 160 176 816 2.05 0.04
(kcal) Controls 319 307 308 313 298 1,545
Protein (g) Cases 145 160 184 142 188 819 2.66 0.01
Controls 329 312 290 331 285 1,547
Total fat (g) Cases 157 164 175 153 170 819 1.13 0.26
Controls 315 310 300 319 303 1,547
Saturated fat (g) Cass 154 157 176 155 177 819 1.85 0.06
Control 319 316 298 318 296 1,547
Monounsaturated Cases 153 165 172 156 173 819 1.66 0.10
fat (g) Controls 320 309 301 318 299 1,547
Polyunsaturated Cases 164 149 161 170 175 819 2.05 0.04
fat (g) Controls 309 324 313 304 297 1,547
Carbohydrates (g) Cases 143 160 181 173 162 819 2.02 0.04
Contris 330 313 293 300 311 1,547
3Tbere are a few missing values. The quintile rangs (per day) are as follws: total eneWgy (kcal), S 1,521.8,
1,521.9-1,752.8, 1,752.9-1,90.0,1,980.1-2,266.0, > 2,266.1; protein (g), <57.9, 58.0-67.2, 67.3-75.9, 76.0-89.4,
>89.5; total fat (g), < 79.9, 80.0-91.2, 91.3-101.9, 102.0-119.2, > 119.3; saturated fat (g), <27.0, 27.1-32.4,
32.5-37.4, 37.5-44.7, >44.8; monounsaturated fat (g), < 40.1, 40.2-44.7, 44.8-50.3, 50.4-59.0, > 59.1;
polyunsaturated fat (g) < 8.7, 8.8-10.6, 10.7-12.6, 12.7-16.1, > 16.Z- carbohydrates (g), < 137.2 137.3-173.1,
173.2-203.5, 203.6-243.0, >243.1. 'Xvahus are age adjsted.
Table IV Multipl logistic egrsio-derived coefiients for the major macronurients'
Relative 95% confidenc
Nutrient (g) b s.e.c P-valu ris buteral
Protein 0.0703 0.0618 0.26 1.07 0.95-1.21
Total fat -0.0585 0.0533 0.27 0.94 0.85-1.05
Saturated fat -0.0008 0.0469 0.99 1.00 0.91-1.10
Monounsaturated fat -0.0207 0.0467 0.66 0.98 0.89-1.07
Polyumsaturated fat 0.0404 0.0388 0.30 1.04 0.97-1.12
Carbohydrates 0.0508 0.0553 0.36 1.05 0.95-1.17
YCoefients in this table are not mutually adjusted, but they are adjusted for age, place of
birth, parity, age at first pregnancy, age at narce, ua status, Quetelet index and
total energy intake. bCoefficient (b) from logistic nmodel per quintile. 'Standard
error (sc.) around the coefficient.
Table V Multiple logistc gressonrived, mutually adjusted coefficients for the major
macronutriente
Relative 95% cofidece
Variabl bb se.' P-valu risk ,nervl
Protein 0.0589 0.0625 0.35 1.06 0.94-1.20
Saturated fat -0.0097 0.0569 0.86 0.99 0.89-1.11
Monounsaturatedfat -0.0297 0.0479 0.53 0.97 0.88-1.07
Polyunsaturated fat 0.0486 0.0390 0.21 1.05 0.97-1.13
Carbohydrates 0.0286 0.0437 0.51 1.03 0.94-1.12
aControlling also for ag place of birth, panty, ag at first pregnancy, age at nrche,
menopausal status, Quetelet index and total energy intake. bCodlicient (b) from l
regrssion mod, per quintile. cStandard error (se.) around the coefent.
Table VI MuWtipe gistic rved, mutually adjusted ts for the major macronutrients, controlling for the core variables and for energy intake with the Wllett-Stampfer app (Wilett & Stampfer, 198) ad i each control series
separately as well as togethr
Hospital controls Visitor Controls Combined control seriee Variabk bb se.c P-Vahle b se. P-value b se. P-value
Saturated fat 0.0068 0.0457 0.88 0.0456 0.0637 0.47 -0.0311 0.0527 0.56 Monounsaturated fat 0.0339 0.0538 0.53 -0.0025 0.0564 0.96 -0.0111 0.0475 0.82 Polyunsaturated fat 0.0508 0.0419 0.23 -0.0125 0.0433 0.77 -0.0010 0.0366 0.98 Carbohydrates 0.1029 0.0704 0.14 -0.0749 0.0841 0.37 -0.0627 0.0697 0.37
Proteind 0.0758 0.0417 0.07 0.0166 0.0425 0.70 0.0534 0.0363 0.14
Calculation of residuak from a combined database and a different constellation ofconfounding factors whe the control series are
combined explain why the 'combined' r s cffirnts deviate from the means of the control sries-specific n t bCoefficient (b) from lo c regression mol per quintile. 'Staniard error (se.) around the oefficient. *To avoid colinearity, protein estimates were derived from a model in which protein was substituted for carbohydrates.540 K. KATSOUYANNI et al.
Dis:son
This study is large. which reduces the role of chance varia-
tion to acceptable levels. Adjustment for known demographic
and reproductive risk factors for breast cancer controlled for
this source of confounding, whereas mutual confounding
among macronutrients was accounted for to the extent per-
mitted by the inherently limited validity of dietary ascertain-
ment in any investigation in nutritional epidemiology
(Tzonou et al., 1986). As in any case-control study, the
dominant concerns are selection and information bias. Low
rates of non-response among all three series and similarity of
findings when cases were compared with either of the two
control series suggest that overt selection bias was not
operating in the investigation.
Women with breast cancer are likely to report more com-
pletely or over-report their dietary intakes in comparison
with women in the control series. This was evident in the
present study (Table III) as well as in many earlier
case-control investigations (Toniolo et al., 1989; review by
Hunter & Willett, 1993). However, over-reporting, or more
complete reporting, by cases is likely to cover foods in
general rather than specific food items with particularly high
or low contents of specific nutrients. Few persons, and cer-
tainly very few Greek women, have specific ideas, let alone
beliefs, about the nutritional aetiology of breast cancer and
sufficient knowledge about the nutritional content of the
various food items. When over-reporting is general (Table
III), adjustment for energy intake (Willett & Stampfer, 1986;
Willett, 1990) eliminates the consequences of over-reporting
information bias (Trichopoulos et al., 1991). Indeed, in a
comparison of prospective and retrospective assessment of
diet in the aetiology of breast cancer (Giovannucci et al.,
1993), retrospective (case-control) data on fat consumption
with over-reporting by cases generated a null result after
adjustment for energy intake (P-0.78). This appears to be
biologically more plausible than the finding of the prospec-
tive component of the investigation, suggesting an almost
significant inverse association between fat intake and breast
cancer (Table 4 of Giovannucci et al., 1993). Furthermore, in
the Giovannucci et al. (1993) study, retrospective data were
available for only 77% of the study subjects included in the
prospective component. Information bias does not appear to
be an intractable problem in adequately planned and
carefully analysed case-control studies of diet and cancer.
The hypothesis linking dietary fat to breast cancer risk is
biologically credible. Animal data are widely considered as
compatible with a promoting or growth-enhancing effect of
fat intake on the occurrence of breast cancer (Tannenbaum,
1942; National Academy of Sciences, 1982; Birt, 1986;
National Research Council, 1989; Freedman et al., 1990;
World Health Organization, 1990). Ecological correlations
and time trends are frequently viewed as supportive of a
positive association between fat intake and breast cancer risk
(Prentice et al., 1988; Prentice & Sheppard, 1990). Dietary fat
also has been shown in small human studies to be correlated
with oestrogen levels (Goldin et al., 1986; Rose et al., 1987;
Boyar et al., 1988; Adlercreutz, 1990; Bennett & Ingram,
1990; Prentice et al., 1990), and several well-conducted
case-control studies have suggested that there may indeed be
a weak positive association between fat intake and breast
cancer (La Vecchia et al., 1987; Toniolo et al., 1989; Howe et
al., 1990). However, the animal studies often have been
confounded by total energy intake; the ecological studies are
susceptible to extensive confounding; the metabolic studies
have for the most part lacked appropriate control groups;
and selection bias could not be excluded in some
case-control studies (Willett & Stampfer, 1990). By contrast,
the results of the largest cohort study undertaken until now,
the Nurses' Health Study (Willett et al., 1992), do not sup-
port the existence of a positive association. and the collective
evidence from other smaller cohort studies on fat intake and
breast cancer risk is compatible with the absence of an
association or a minimal increase of risk (Hunter & Willett,
1993).
Some scientists have argued that the lack of an association
in the Nurses' Health Study may be due to the limited range
of variation in that population (Prentice et al., 1988; Toniolo
et al., 1989; Prentice et al., 1990). This is an unlikely explana-
tion, since the post estimates of regression coefficients do not
depend on the range of variation and the power implications,
under realistic conditions, are generally small. In any case,
the range of variation of fat intake in the present study was
wide. With total fat expressed as a percentage of calories,
these Greek women had a mean contribution to total energy
from fat of 60% in the highest quintile and of 36% in the
lowest quintile. The corresponding figures in an Italian study
that reported a significant association of fat intake with
breast cancer risk were 46% and 26% (Toniolo et al., 1989).
The present study was large and, in all evidence, ade-
quately controlled with two independent control series.
Variation of fat intake was substantial in the study base, the
dietary questionnaire was close to exhaustive, and the
analysis adequately accounted for confounding by energy
intake, for mutual confounding among nutrients and for bias
due to case over-reporting. The results do not support
hypotheses invoking fat, saturated fat, other fats or other
macronutrients in the adult diet as important risk factors for
breast cancer. It should be added that in earlier case-control
studies conducted in Greece, total fat and animal fat-
containing foods (meat and meat products) have been found
to significantly increase the risk of coronary heart disease
(Tzonou et al., 1993) and cancer of the large bowel
(Manousos et al., 1983; Trichopoulou et al., 1992), whereas
in an earlier, independent, smaller case-control study of diet
and breast cancer no association with fat was noted (Kat-
souyanni et al., 1986; Katsouyanni et al., 1988). The
relatively low mortality from breast cancer in Greece (about
65% of the corresponding mortality in the USA) is in iself an
argument against an important role of dietary fat in the
genesis of breast cancer, since fat intake, mostly in the form
of olive oil, is very high in Greece (about 42% of total
energy intake) (Trichopoulou et al., 1993).
There was no evidence in the present study for a substan-
tial, significant or differential effect of any fat category. total
carbohydrates or total protein. Nevertheless, protein was the
only macronutrient for which the evidence was not altogether
reassuring (Tables IV and V). Protein intake has not been
generally considered an important risk factor in breast car-
cinogenesis. Given the constraints of the study design, it was
not possible to examine directly the hypotheses that intake of
energy or particular macronutrients (including fats or pro-
teins) in early life stages may be important determinants of
breast cancer risk.
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